ABSTRACT We describe the patterns of cancer incidence for common cancers in Gulf Cooperation Council countries during 1998-2001. A total of 32 291 cases of cancer were diagnosed (16 342 in males; 15 949 in females). Male preponderance was observed only in Saudi Arabia and Oman. The age-standardized incidence of all malignancies per 100 000 in both sexes was highest in Qatar followed by Bahrain, Kuwait, Oman, UAE and Saudi Arabia. Paediatric cancer ranged from 9.5% of total cancers in Saudi Arabia and UAE to 4.0% in Bahrain. In all countries, the mean age at diagnosis was higher in males than females; cancer of the lung and prostate were commonest among males, and cancer of breast and thyroid among females. Lung cancer ranked second among Bahraini women.
٢٠٠٩ ،٣ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬

Introduction
Cancer is the second most frequent cause of death in the majority of developed countries and is emerging also as a major public health problem in developing countries. The International Agency for Research on Cancer (IARC) estimated that, globally, nearly 11 million new cases of cancer and more than 6 million deaths from this disease occur annually and approximately 7 million people live with cancer [1] with more than half of the cases arising in developing countries where resources for treatment and prevention are scarce. Rapid improvements in the field of health care, together with the control of communicable diseases, increased life expectancy at birth and rapid socioeconomic changes resulting in modified lifestyles (such as increased prevalence of tobacco use, decrease in physical activity and unhealthy eating habits) are believed to contribute to the increased incidence of cancer in developing countries.
Cancer registries are a unique source of information for any cancer control programme and for developing strategies for cancer health programmes. These data help in the allocation of financial and manpower resources in cost-effective healthcare planning as well as in the design of early detection and prevention programmes. They also facilitate in the detection of carcinogens and monitoring of environmental control programmes and environmental exposure to carcinogens [2] .
The geographical location and similarities in culture, lifestyle and environment of the Gulf Cooperation Council (GCC) countries translates into similar health risks. However, it is recognized that there are variations in cancer incidence and frequency in these countries [3] [4] [5] [6] [7] [8] [9] [10] [11] . Earlier studies of cancer incidence from this region are either hospital-based, reflecting referral patterns rather than true incidence, or pertain to one cancer type or country.
We present here the of cancer incidence within the 6 GCC countries, and comparisons with other countries based on National Cancer Registry (NCR) data. The relevant epidemiological factors affecting the most common cancers in this region are alsobriefly discussed. This information is useful to public health authorities, decisionmakers and researchers.
Methods
The Gulf Centre for Cancer Registration (GCCR) was established to create a population-based incidence database for the GCC countries-United Arab Emirates (UAE), Bahrain, Saudi Arabia, Oman, Qatar and Kuwait-and started accumulating data from 1 January 1998. The main office is located at the Research Centre of King Faisal Specialist Hospital and Research Centre in Riyadh. It collates the data collected by the national cancer registry of each GCC country after performing quality assurance. Data are sent to the GCCR in different formats (e.g. Excel, Epi-Info) and at the GCCR all files are converted to CanReg format, validated software for processing cancer data developed by the International Agency for Research on Cancer (IARC), and subsequently analysed.
The NCR in each country is responsible for data collection at the national level from health facilities. To ensure comprehensive data collection, a ministerial decree in each of the GCC countries has rendered cancer a reportable disease by all Ministry of Health hospitals, and government and private hospitals, clinics and laboratories. However, the data for this study were collected by active and passive methods. They included personal identifiers and demographic infor-٢٠٠٩ ،٣ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬ mation (name, age, sex, nationality, address, etc.), tumour details (date of diagnosis, basis of diagnosis, histology, topography, stage, etc.), treatment and follow-up information. The International classification of diseases for oncology was used to classify the topography and morphology of the cancers [12] . Each registry codes the data and matches patient identifiers to ensure that each case is eligible and registered only once.
Information on prevalence of smoking and reproductive factors of GCC nationals was obtained mostly from the family health surveys (FHS) conducted in all GCC countries [13] [14] [15] [16] [17] [18] .
The results presented in this report are based on the incidence of cancer cases diag nosed during the period 1998-2001 among nationals of GCC countries. The crude incidence rate and age-standardized incidence rate (ASR), standardized to the world standard population, were used to describe the data. The population by sex was estimated at 1 January 2000 for each country by 5-year age category. The incidence of the 5 most common cancers are shown by their relative frequency in each country and by sex.
Results
During 1998-2001 the total number of cancer cases registered among GCC nationals was 32 291 (males 16 342; females 15 949). Overall, the male:female ratio was 102:100, however, male preponderance was observed only in Saudi Arabia (104:100) and Oman (114:100) . The highest frequency of cancer occurred in Saudi Arabia followed by Oman, Kuwait, Bahrain, UAE and Qatar, both in males and females (Table 1) . The ASR per 100 000 of all malignancies in both sexes, was highest in Qatar (male 165.5; female 172.4), followed by Bahrain (male 157.7; female 144.6).
Cancers of the lung and prostate among males and cancers of breast and thyroid among females were the most common cancers in almost all the GCC countries (Table  1) . Non-Hodgkin lymphoma ranked within the top 5 in all countries except in Bahrain and among women in Oman. Leukaemia ranked within the top 5 in all GCC countries except in Kuwait and among women in Bahrain (Table 1) .
A high proportion of cancers in those aged < 15 years was observed in Saudi Arabia, UAE and Oman, at least 2-fold greater, than in Bahrain. The paediatric cancer rates were highest in Saudi Arabia and UAE (9.5%), followed by Oman (9.2%), Qatar (7.0%), Kuwait (5.7%) and Bahrain (4.0%) (Figure 1 ). The proportion of paediatric cancers in males was higher than in females in all GCC countries except Oman.
In males, the mean age when the diagnosis of cancer was made was higher in Bahrain [60.7, standard Oman [46.8 (SD 20.6 ) years] and UAE [45.8 (SD 20.2) years]. The age-specific incidence rate of all cancers increased with age in males and females (Figures 2 and 3) . Figure 4 depicts the smoking prevalence (current smoker of any tobacco product) among males and females aged 15+ years during the mid-1990s. The highest prevalence among males was in Kuwait (32.4%), ٢٠٠٩ ،٣ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬ Table 1 Number of malignant cases, mean annual crude incidence rate and age-standardized incidence rate ( 
Discussion
Mean age at diagnosis for cancers in the GCC was higher in males than in females and in both sexes it was about a decade younger than reported in Western populations, similar to the findings in other developing countries [2] . This could partly be explained by the younger population structure, the prevalence of existing environmental factors such as infections, poor hygiene conditions and very recent emission of carcinogens into the environment from industries. Like other developing countries, GCC countries have younger populations, with the proportion aged < 15 years ranging from 36.6% of ٢٠٠٩ ،٣ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬ the total population in Bahrain to 45.2% in Saudi Arabia. The high population growth, improved health care programmes and decline in infant mortality are the main contributing factors for the broad base of the population pyramid.
Comparison of the ASR of all cancers within the GCC countries shows that the incidence in Qatar was at least 2.5 times higher than Saudi Arabia for both sexes. In a similar comparison of cancer incidence in countries in 5 continents, the incidence among Qataris and Bahrainis (both males and females) was higher or equal to most of the African and Asian populations and the rate observed among Saudi Arabians was much lower than these populations [25] . The low incidence rate and higher proportion of paediatric cancers in Saudi Arabia can partly be explained by the younger population structure. Similarly, the higher incidence rate and lower proportion of these cancers in Bahrain can also be attributed to the relatively older population structure. The lower ASR may also be due to incomplete registration in the older age groups.
Lung cancer is the most common cancer in the world, comprising 12.4% of all cancers [1]. Within GCC countries lung cancer was the most common cancer in males in Bahrain, Qatar and UAE and ranked 2nd, 3rd and 4th in Kuwait, Oman and Saudi Arabia respectively. A 7-fold difference in ASR (34.3 per 100 000 population in Bahrain and 4.8 per 100 000 in Saudi Arabia) was observed among males. In females it emerged within the top 5 malignancies only in Bahrain and ranked 2nd, next to breast cancer, with an ASR of 12.1 per 100 000. Lung cancer in Bahrain accounted for onefifth of male cancers and 6.8% of female cancers. The disease was more common in males than females in all GCC countries (74%-81% of lung cancers were among males), a finding consistent with Parkin . The most important risk factor for lung cancer is tobacco smoking and the supportive evidence for this association has been reviewed many times by different scientific groups and institutions [27, 28] . Although the periods of collection of cancer incidence and smoking data are too short to attribute the cancer incidence to smoking practice, there has been a longer history of smoking among Bahrainis (both men and women) than in other GCC countries. Similarly, the low incidence in Saudi Arabia can also be attributed to the low prevalence of smoking. The contribution of factors such as occupational exposure to asbestos, metals and ionizing radiation may be nil or very minimal as the process of industrialization has been very recent in all GCC countries.
٢٠٠٩ ،٣ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬
Breast cancer was the most common cancer among females in all the 6 GCC countries, as in most other countries [25] , ranging from 15.4% of female cancers in Oman to almost one-third in Kuwait and Bahrain. Kuwait, Bahrain and Qatar can be classified as high-incidence areas and the UAE, Saudi Arabia and Oman as lowincidence areas of the GCC region. A comparison of ASR of breast cancer from the high-incidence area of GCC countries with other countries/regions around the world shows the incidence rates are about half those of the UK (high-risk area), and similar to the rates in medium-risk countries such as the Philippines and Singapore [25] . The rates for the low-incidence GCC countries were almost half those in the high-incidence countries. Most of the international and interethnic differences in incidence of breast cancer are the consequence of differing environmental exposures and lifestyles [26] . However, the differences observed within the GCC region can partly be explained by differences in the age distribution of the population (the population aged > 24 years in the high-incidence area ranges from 39%-43% in contrast to 30%-34% in the low-incidence area in addition to other risk factors such as fertility rate and duration of breastfeeding [13] [14] [15] [16] [17] [18] . 
The traditional reproductive pattern observed in GCC countries is characterized by an early start to childbearing, short birth intervals, prolonged breastfeeding and high parity. The fertility rate in the low-incidence area was consistently higher than in the high-incidence area of GCC countries and there has been a considerable decline in all the GCC countries [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] .
A woman's risk for breast cancer decreases with duration of breastfeeding and with every child born [29] . The duration of breastfeeding in Kuwait and Qatar was lower than in the other GCC countries and there has been a reduction in duration in all the GCC countries along with a steady rise in the age at first childbirth. The decline in early childbearing was more rapid in the high-incidence areas. Future studies could address the gap in understanding the causes of breast cancer in this region.
The incidence of thyroid cancer shows striking differences in different age groups, sexes, ethnic backgrounds and geographical locations [25] . Thyroid cancer ranked 2nd among females in all the GCC countries except in Bahrain where it ranked 3rd. The ASR in these countries ranged from 5 per 100 000 in Saudi Arabia to 15 per 100 000 in Qatar. In males the ASR ranged from 1 to 2 per 100 000 in all GCC countries except in Qatar (4.1) and Kuwait (3.3). Worldwide, the highest incidence rates have been reported from Hawaii, Iceland, Israel and Los Angeles [25] . A comparison of ASR of thyroid cancer in the GCC countries with other countries and regions showed that the incidence rate in Qatar, especially among females, is similar to Hawaii (Filipino) where the highest incidence occurs [25] . The female preponderance of thyroid cancer is a well established fact [30] . In the GCC countries, the male:female ratio ranges from 1:5.6 in Bahrain to 1:2.7 in Kuwait. The incidence was higher among women aged < 45 years, as also observed by Young et al. [31] . Epidemiological studies have shown an association between seafood consumption and risk of thyroid cancer [32] . The study by Memon et al. from Kuwait supported the hypothesis that reproductive factors and patterns may influence, or contribute to, the risk of thyroid cancer among women [11] . Another study from Kuwait related high consumption of various seafoods to thyroid cancer [33] . There is no documented evidence of high background radiation or exposure to childhood radiation beyond medical procedures in any GCC country. Further research from the other countries should shed more light on the epidemiology of thyroid cancer in this region.
Cancer of the prostate is the third most common cancer among men in the world, accounting for 11.7% of all new male cancers, with a high incidence in Europe, North America and Australia [1] . Prostate cancer, although not a top cancer in any of the GCC countries, ranked within the top 5 malignancies in all countries and ranged from 5.2% of male cancers in Saudi Arabia to 8.7% in Oman. The highest ASR was seen in Bahrain (14.8 per 100 000). The low relative frequency in GCC countries may be related to the male population distribution, with less than 6% reaching the age of 60 years. However, the fact that this is a cancer of the elderly and about three-quarters of cases worldwide occur in men aged 65 years or more [26] was evident in our data from Bahrain, Saudi Arabia and Kuwait. In fact, more than four-fifths of the cases occurred in men aged 60 years or more, except in the UAE (73.7%). Even though the population structure of GCC countries is significantly different from that of the United States of America (USA), the mean age at diagnosis of prostate cancer (Bahrain 72.1 years, Saudi Arabia 71.9 years, Kuwait ٢٠٠٩ ،٣ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬ 71.4 years, Qatar 68.4 years, Oman 66.2 years and UAE 65.9 years) was comparable to the USA where it is 68 years [34] .
Despite extensive research, the environmental risk factors for prostate cancer are not well understood [26] . A Western-type diet seems to play a role, but there is no convincing evidence implicating any particular dietary components, although some studies have suggested that consumption of fats, meat and dairy products increases the risk [35] . Despite an influx of affluence foods from developed countries over the last 3 decades in Saudi Arabia, Hanash et al. could not find any difference in the amount of fat in the diet of men with and without prostate carcinoma [36] . This may be due to factors such as the relatively small sample size, genetic and racial factors, under-diagnosis and environmental and hormonal factors. However, protective nutrients, such as a high-fibre diet, cereals, cooked tomatoes, rice, tea, fruits, vegetables, dates and dairy products are consumed in large quantities in the standard Saudi diet and may negate the deleterious effect of a high saturated fat diet. A study in Kuwait and Oman indicated that Arab men had lower prostate-specific antigen levels and prostate volumes than Caucasians. The levels are slightly lower than those reported in Japan and, as in the Japanese, low prostate-specific antigen levels and small prostate volumes might be related to the low incidence of clinical prostate cancer in Arab men [37] . Future genetic studies could further enhance knowledge about the epidemiology in the GCC region.
Non-Hodgkin lymphoma was the commonest cancer in Saudi Arabia and the 2nd commonest in Oman and Kuwait among males. In females it ranked within the top 5 malignancies in all the GCC countries except Bahrain and Oman. The incidence in GCC countries is between the low European/American and high African rates. Low socioeconomic status, malnutrition and the prevalence of parasitic and viral infections are associated with lymphomas in many developing countries [38] . A higher prevalence of hepatitis C virus infection in Saudi Arabian patients with B-cell non-Hodgkin lymphoma was identified by Harakati et al. [7] . To our knowledge, no relationship to the EpsteinBarr virus has been confirmed so far in GCC countries. Despite the fact that this is a common malignancy in both sexes in the GCC countries, there are gaps in our knowledge about its epidemiology.
The GCC countries share a common geographic location and industrial base and as a result face similar environmental conditions. Furthermore, the similarities in culture and lifestyle resulted in somewhat similar cancer patterns in these countries. However, the magnitude of the cancers was different between the countries. Furthermore, the high incidences of cancer of the stomach among men in Oman and the UAE, and lung cancer among women in Bahrain were specific to these countries. Although the occurrence of lung cancer among Bahraini women can be attributed to tobacco smoking, the real differences in incidence of other cancers are not easy to interpret. This warrants further research to identify the risks associated with each cancer and to establish the environmental causes.
This study demonstrates the similarity in the occurrence of cancer in GCC countries and features pertaining to each country. In addition, our data show the overall lower incidence rate among GCC nationals was similar to many African and Asian populations. The incidence rate for selected cancers was equal to or higher than industrialized countries.
